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ON THE RED COLOR OF THE FLESH IN 
THE SALMONS AND TROUTS 

BY PROFESSOR EDWARD E. PRINCE, LL.D., M.A., D.Sc., 
F.R.S.C., Commissioner of F{sheries for 

Canada, Ottawa. 

Various theories have been expounded to explain the 
characteristic red color of the flesh of salmon and •trout, 
and as all these seem to involve difficulties, in my opin- 
ion fatal difficulties, it seems to me that some explana- 
tion must be sought to which less objection can be raised. 

Is Color Due to Food ? 

The common view is that the food upon which the fish 
feed giv, es the characteristic tint to the flesh. The late 

Dr. Giinther, of the British Museum, emphatically held 
this view and pointed out that the coloring matter in 
shrimps and other crustaceans (which turns red when 
subjected to the digestive fluids, or boiled, or treated 
with alcohol) is chemically the same as that present in 
the flesh of salmon and trout. Many authorities could 
be quoted in favor of this theory, even Dr. Francis Day, 
in his well-known work on the "British Salmonidle," re- 
fers'to it several times; but rather cautiously adds, that 
it may not be the correct explanation. It is the popular 
and most widespread view; yet it is almost certainly 
erroneous. The cases are rare in which the color of the 

food of any animal directly appears in the muscular tis- 
sues. Moose meat is not green though green lily-pads 
and leafy birch-twigs form so large a par• of its food, 
nor is cariboo meat colored by the pale green moss, which 
largely furnishes it with nutriment. The ruffed grouse 
has very white breast-muscles, while in the spruce par•- 
ridge the color is dark, though both birds live under very 
similar conditions and are found in the same localities. 
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Is Color Due to Vaseularity? 

A second view is that the vascularity of the muscles, the 
rich blood-supply, explains the color. Pale flesh would 
mean that the blood vessels were fewer or smaller. Cer- 

tainly in such Scomberoids as the Tuna (Thynnus) the 
rich provision of blood vessels gives a dark red color to 
the meat, and accounts too for the high temperature of 
these fish. 

Does Color Signify Health-energy? 

Again, the red color it is claimed is a sign of the 
healthy condition of the fish. Just as a pale complexion 
may be a sign of ill-health in the human subject, whereas 
rosy cheeks imply a robust state of health, so a trout or 
salmon, showing pale-tinted or whitish flesh, is thought 
to be out of condition. Many anglers and epicures reject 
such as sick fish. White flesh is regarded as having a 
pathological significance. A slightly different view is 
that taken by those who do not regard the pale color as 
due to sickness or ill-health in the fish; but to poor feed. 
A well-fed fish in prime condition should, it is claimed 
by those 'who adopt this theory, have flesh of a rich red 
salmon color. Apart from conditions of health, a poorly- 
fed, starved fish would, according to this view, be lack- 
ing in color and wanting in flavor. Many people regard 
the color as intimately related to flavor and a highly-col- 
ored salmon or trout must, in their opinion, have a supe- 
rior flavor. 

Is Color Due to Sexual Ripeness ? 

Again, the color is associated by many authorities with 
the ripeness of the fish; that is to say, their reproductive 
condition. Up to the commencement of spawning it is 
asserted, salmon and trout accumulate fat, especially the 
red, oily matter, which during the breeding season is 
transferred from the muscles to the ovaries and sper- 
maries. There is, no doubt, much ground for holding 
the view that the red lipochrome is stored up in the mus- 
cular tissues. It occurs, indeed, as minute shining bodies 
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in the small fibrill•e of the muscle fibres, and the same 
bright-tinted matter occurs, later, in the eggs contained 
in the ripe female; but a transference of stored materials 
must also take place in the male salmon, the destination 
being the spermaries. In the spermaries the red color, 
however, is lacking, the organs are white, and the ripe 
contents appear of an opaque, white, creamy color• Tl•e 
purpose of the richly-colored, oily matter in the muscles 
of the male would not appear, therefore, to be the build- 
ing up of the white testes, though such might be the ex- 
planation of the brilliant red contents of the ovaries. 

Other explanations, modifications of the foregoing, 
have been propounded by various authorities, but all may 
be summarized under the headings just set forth, viz: 

(1) Trophic, and due directly to the food ingested. 
(2) Vascular, or produced by the network of blood- 

vessels. 

(3) Incremental, or the reverse, and in the latter case 
evidence of an unwholesome, possibly patholog- 
ical, condition of the fish. 

(4) Nutrimental or originating in the vigor and •well- 
fed condition of the fish. 

(5) Sexual, a storage of fatty matters to meet the de- 
mands of reproduction. 

Current Views Erroneous. 

None of these are fully satisfactory; indeed there are 
fatal objections to each and all of them. Some of these 
objections I may here refer to. Thus there, is no con- 
clusive proof that the salmon feed exclusively, or even 
mainly, on• shrimps, lobsters, or other crustaceans, in 
which red lipoid matter occurs cabundantly. Many fish 
with white flesh, or pale flesh, subsist more emphatically 
on such food than the salmon. In the stomach of s•ch. 

salmon as very occasionally have been captured in the 
sea, there have been found herring, sand-eels, etc., and 
any food found inside ascending salmon, in fresh water, 
consisted of insects, worms and the like, food materials 
which contain no rich abundance of such colaring mat:•er 
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as pervades the muscle tissues of salmon and trout. 
Herring, menhaden and mackerel, though feeding almost 
solely upon copepods, schizopods, and other small crus- 
taceans, rich in red coloring matters, are not red-fleshed. 
The chief muscles of the trunk in these fishes are not 

red, though a thin superficial band of brown muscle ex- 
tends beneath ,the skin ak•ng each side.* Cod, haddock 
and other fish with characteristic pale or white flesh, de- 
vour much food, like crabs, lobsters, etc., containing red 
lipochromes, yet their muscles are not tinted in conse- 
quence. 

Food Does Not Color Muscles Directly. 

The occurrence of bright red muscular tissues is very 
peculiar, and cannot be traced directly to the food in a 
great many fishes, if indeed in any fishes at all. It is 
remarkable, for example, that the ancient type of fish, 
a Palaeozoic type, Ceratodus, found in ,Australia, has 
deep red flesh, and the name 'Dawson salmon' was given 
to the Australian Osteoglossum, a fish midway between , 
a herring and a salmon, owing to its pink flesh, and edi- 
ble' qualities. Professor Moseley, of Oxford, noticed in 
dissecting a shark, during the "Challenger" cruise, that 
while the great muscles of the trunk were pale or white, 
the superficial muscular layer was a bright red.. Professor 
McMurrich described, I think in Syngnathus, the pipe 
fish, possessing pale muscles, a minute dorsal strip of 
muscle used in raising or depressing the single dorsal fin 
as pink or red. The sturgeon'has flesh of different col- 
ors, red, white, etc., so that it has often been described 
as "fish, flesh and fowl," (white, red and yellowish). 
Hence, in view of the fact that white-fleshed fish may 
feed largely on crustaceans, which are rich in red color- 
ing matters, and that red-fleshed fish by no means feed 

•Miss M. I. Newbigin ("Salmon Investigations" Report, Scot. Fishery 
Board, 1898), observes (p. 16•): The herring feeds habitually on small 
crustacea, so that it might be said that the pigments of the salmon are 
obtained indirectly from the herring, which forms its food; but of these 
pigments there is no reason to believe that the red exists in the herring 
.... , I was unable to find any trace of it, either in the muscle or in 
the viscera.'* 
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uniformly, or mainly, on that type of food; but more 
commonly on food destitute of such red coloring matter, 
it is absurd to explain the redness of the muscles in sal- 
mon or trout by deriving it specially from color sub- 
stances in their food. Further, it is a matter of common 
knowledge that the color in these fishes varies and may 
be deep or pale, and, indeed, may be absent. 

Variability in Salmon Schools.' 

The fact cannot be ignored that salmon and trout, with 
white flesh, occur in the same waters, and often mingled 
in the same schools, with red-fleshed salmon and trout. 
The large King Salmon, Quinnat, or Spring Salmon of 
Pacific waters, is normally red-fleshed, often pinkish; but 
¾ery commonly of a deep red tint; yet white-fleshed ex- 
amples are common. Those with white flesh are so fre- 
quent in the Fraser River that buyers of Quinnat salmon 
always adopt the practice of having a deep cut made in 
the shoulder, in order to determine whether it has white 
flesh or red flesh, the former being unmarketable and re- 
jected accordingly. More curious still is the fact that in 
quite a number of these salmon the flesh is piebald. The 
white flesh 'in such cases is streaked with red, the red 
masses being mingled, in this way, with the white. Again, 
in the Sockeye Salmon (also called the Blueback and the 
Redfish) the muscles are so uniformly oœ a very deep, 
bright red, that owing to this constant and uniform Color, 
and a uniformity in size, as well as extreme abundance, 
it has come to rank as the Pacific Salmon of prime com- 
mercial importance. 

The great markets of the world do not prefer a pale 
red salmon; but demand the brilliant deep red, almost 
vermilion, of the Sockeye salmon's flesh, especially the 
Fraser River Sockeye caught in Southern British Colum- 
bia, Puget Sound, and Juan de Fuca Straits. The Sock- 
eye, and the Spring Salmon (or Quinnat) schools may 
intermingle. They often come in together from the open 
sea and ascend the rivers at the same time, and associat- 
ing in this way, fattening, it may be, upon the same great 
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feeding grounds in the deep sea, it is difficult to under- 
stand why one, the Sockeye, should be so uniformly a 
rich deep red, while the other, the Quinnat, should vary 
from a paler red to a light pink or even to a chalky white 
color. 

Curious Case of Sockeye Variation. 

But even the Sockeye (so constantly of the attractive 
deep tint sought by the great markets, and so uniformly 
small in size as to be perfectly adapted for handling by 
machinery set to clean, cut up, and rapidly utilize the 
fish in the canning factories), shows some curious varia- 
tions. Unusually large examples, nine to twelve pounds 
weight, may occur, though five to seven pounds would be 
the general average, and specimens showing striking dif- 
ferences in color are taken. The Sockeye of the north- 
ern rivers, the Skeena, Naas, and Alaskan, are usually 
lighter in color than the Fraser River Sockeye; but one 
astonishing exception occurs in the north, in a creek not 
far from the estuary of the Skeena River, viz: a breed 
of Sockeye salmon quite unlike either of the two types 
mentioned. This peculiar local variety I have never en- 
countered anywher• else, in all my extensive tours along 
the Pacific Coast during the last twenty years. It has 
not the usual vermilion or orange red color, but a deep 
beef-red tint of rather a dull disagreeable shade. The 
local canners know well this peculiar variety and have 
never used it for canning purposes unless there was a 
shortage of the usual Sockeye Salmon in the Skeena, the 
Naas, or other northern rivers, and there arose urgent 
necessity to add a few cases to complete the pack. 

Cases of Color Due to Vascularity. 
The same dull beef-red color in the flesh of the Tuna' 

is not due, however, to the same cause as in the Sockeye 
Salmon; but as already pointed out, is due to the un- 
usually rich network of blood-vessels in the great mus- 
cles of the trunk. This abundant blood-circulation results 
in a much higher temperature than that found in the 
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bodies of most marine and fresh-water fishes, when alive. 
Dr. John Davy, one of the older British physiological 
experimenters, (brother of Sir Humphry Davy, who was 
an authority on the Salmon) made a very exact study of 
the temperature of the Tuna and other marine fishes, and 
his researches are even today well worth perusal by all 
interested in ichthyology. . 

Color Not the Cause of Flavor. 
The fact that Spring Salmon or Quinnat, Sockeye Sal- 

mon, Brook Trout, and Lake Trout, may exhibit a deep 
red color of the flesh, or a paler shade, or in some speci- 
mens may even be quite white or yellowish white, shows 
that the color is not due to a rich supply of blood vessels. 
Indeed, one species of Pacific Salmon, viz., the Dog Sal- 
mon, a very large species, has always whitish •iesh, or 
quite white flesh. As to the contention thkt loss of color 
or lack of it, proves an unhealthy, or diseased or deteri- 
orated state, it will not bear examination, for those best 
acquainted with Pacific Salmon usually consider the 
white-fleshed specimens as of better flavor than.the ordi- 
nary red-fleshed Salmon.* Personally, I am of opinion 
that the hard, dry, deep red flesh of the Sockeye has less 
flavor and is less appetizing than the paler colored Quin- 
nat and the Coho, or the very pale Humpback. The deep 
red Sockeye is often dry, hard, and lacking in flavor when 
fresh, but the'process of canning or over-cooking, and 
the addition of a little salt in the can, during the pack- 
ing, improves very greatly its edible qualities. The In- 
dians of the Pacific Coast always preferred, as more deli- 
cate and better flavored, the white Spring Salmon rather 
than the usual red specimens, and I agree in their opin- 
ion; but they also esteemed the white-fleshed Dog-salmon, 
an opinion in which I do not share. 

*The New York Fishery Ctazette recently said (Vol. XXXIII, No. 48, 
p. 1,509): "Regardless of the quality of the fish, the color line is sharply 
drawn by the public when purchasing salmon. The preference, of course, 
is for fish of a red color, while, as a matter of fact, white salmon is 
generally a finer fish .... One of• the largest handlers of piclded sal- 
mon in New York is responsible for the statement that white salmon, 
as a general rule, is a fancier and better fish than red or pink salmon. 
.... it is a better fish than most of its deeper colored coalins." 
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The lake trout, gray trout or Togue, exhibit great va- 
riation even in the same lakes and on the same fishing 
grounds, but some waters are characterized by w•hite- 
fleshed trout; these latter being as healthy, well-fed and 
well-flavored as the fish from lakes in which the trout 

are uniformly tinted pink or red. 
If we compare the various Pacific With the Atlantic 

Salmon, the latter, it may be said, are generally paler. 
Yet no one would claim, I think, that the Atlantic Sal- 
mon is inferior to any of the Pacific species in edible 
qualities, flavor, texture or delicacy; indeed most people 
would affirm that the Atlantic Salmon, the Labrador, 
Saguenay, Gaspe, Restigouche, Miramichi, St. John, or 
other fine Canadian fish, are very much superior. More- 
over, these Atlantic fish differ in the color of the flesh 
locally, and some practical fishermen claim that they can 
determine the river from which a fish comes not only by 
its shape, average size, and build; but by the color, tex- 
ture, and special flavor, of the meat. As there are white 
grapes which are just as good as red or rich black grapes, 
so the white-fleshed salmon and trout may be quite equal 
to the deeply tinted varieties. An hotel proprietor in- 
formed me recently that if red •trout or salmon, and 
pale-fleshed trout or salmon, were placed on the same 
tables, the guests, without exception, would choose the 
deep colored fish, and would declare that it was superior 
in flavor. On the other hand, sweet corn, if white (or 
even bleached artificially), would also be pronounced 
better and more delicate than the yellow-colored corn. 
This shows how small is the value of popular opinion, 
while the shade of red, or the tint, of the flesh, would 
seem in so many salmon and trout to be very erratic, 
there is general agreement that after spawning, all red- 
fieshed specimens are paler, the colored oily matter pass- 
ing, it is contended, to the eggs. 

Color Transferred to Eggs. 

No very exact observations are on record, however, 
but this deterioration can hardly take place in the male 
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fish, inasmuch as the contents of the testes are of an 
intense opaque white and no transference of red mate- 
rial has apparently taken place from the muscles to those 
organs at the breeding season. It is not true to say of 
all red-fleshed salmon that the red color is associated 

with the building-up process, or storing of reserve ma- 
terials, preparatory to the spawning period. That would 
not apply to white-fleshed salmon or trout, and does not 
appear to apply to the male, even in the species with 
deep red flesh. Undoubtedly the red oily matter, abun- 
dant in the flesh, does pass to the ovaries of the female, 
and the eggs are brilliantly tinted by these abundant red 
globules in the yolk-matter. It is interesting to note that 
red eggs and pale or white living eggs are familiar to 
hatchery officers, the red eggs being the product of red- 
fleshed fish, and the white • or colorless eggs being the 
product of pale-fleshed females. Pale eggs of white- 
fleshed salmon and trout are almost as colorless as the 
eggs of the whitefish. What an important point this is 
in the work of fish culture. The red-fleshed fish are 
universally preferred, yet we often breed from pale- 
fleshed parents. The greatest care should be taken to take 
eggs from females characterized by the highly-esteemed, 
deep red tint in the flesh. 

Theoretical Explanation of Color. 

How does this red color arise? What is the explana- 
tion of its presence ? I dealt with the question over twen- 
ty years ago in a paper in the Annals of Natural His- 
tory, the title being "The Presence of Oleaginous Spheres 
in the Yolk of Teleostean Ova," and I claimed that the 
color of the flesh was an hereditary trait, and I there 
pointed out that, if Professor F. M. Balfour's view be 
correct, that the ova of Teleosteans had ancestrally di- 
minished in size, then the fluids, such as myosin, lecithin, 
etc., contained in the vitelline globe of the egg, would 
diminish also. If all the contents did not diminish 
equally; but in some species, a phosphorized oily fluid, 
like lecithin, did not decrease proportionately, droplets 



Prince.--The Red Flesh of 'the Salmons 59 

or globules would accumulate, and remain in the ovum. 
If these globules were tinted by some excretionary or 
other pigments, they would appear as striking, though 
unessential and redundant, features in the egg. Now, 
the colored globules in the eggs of the salmon bear pre- 
cisely this character. In many other fish eggs, one or 
many large colored globules or spheres occur, and they 
are not used up as the embryo fish develops, but persist 
for a long time after the young larva is hatched, and may 
even be seen in the transparent or semi-transparent body 
of the fish in the post-larval stages. It seems to me that 
the color of the salmon's flesh originates in these red 
globules, which continue from generation to generation 
as redundant and unessential elements in the ovum and 
embryo, and remain to permeate the muscles in the ale- 
vin, smolt, grilse, and adult stages in the life of the fish. 
Were this orange-colored fluid absolutely necessary to the 
health and life of the salmon and trout, the pale or white- 
fleshed fish would not exist; they would die out.' But 
such is not the case. In some lakes and streams these 

less desirable trout, less desirable because white-fleshed, 
have superseded the red-fleshed type. 

It must be noted that the clear, somewhat translucent, 
fluid in the ripe ovary, and bathing the eggs, gives as 
experiment has shown, marked proreid reactions; it is 
rich in lecithin; no less than 15 to 20 per cent, and yields 
also nucleo-proteins. 

Colored Globules Do Not Cause Buoyancy in Eggs. 

In studying the development of marine fishes, espe- 
cially those with pelagic eggs, I have found that the 
globules in the vitelline globe whether colored, as in 
some species, or uncolored as in other species, had noth- 
ing to do with their buoyancy or floating power, though 
many authorities have so claimed, for the eggs of the 
cod and haddock float in the sea I while destitute of those 
remarkable globules, as freely as the eggs of the cunner 
or sea perch (Tautogolabrus) or the mackerel (Scorn- 
bet) in which a colored globule or several globules, form 
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a very conspicuous feature in the living egg. The eggs 
of the herring and the skulpin exhibit a large number 
of such globules, but • have no floating power. 

Chemistry of Yolk-Color. 

The real nature of this red-colored material apa• from 
Miescher's and Hoppe-Seyler's early studies has never 
been chemically determined thoroughly.* We know that 
in the orange vitelline globe of the hefts egg (the yellow 
yolk-ball) 11• or 12• consists of a lipold, which the 
best authorities regard as lecithin; but some recent work- 
ers, amongst them Dr. A. Erlandsen, have disputed this, 
and tried to isolate cuorin from the yellow yolk, but did 
not succeed. Serons and Palozzi, in further researches, 
emphasized again the presence of the characteristic 
lipoid, lecthin; though the yellow pigment itself is a xan- 
thophyll, really regarded by Willstatter and Escher as 
an animal pigment called darotin-lutein, or lutein with a 
carotin-like pigment in its substance. 

Practical Bearing on Fish-Culture. 

The answer to the question "Why are Salmon and 
Trout Red-Meated ?" would therefore seem to be, that it 
is an hereditary feature, due almost certainly to the col-' 
ored material in the yolk of the egg from which the fish 
developed. This colored material is unessential; it per- 
sists as "oil drops" until a late stage in the early life of 
the fish and is not used up, as the other contents of the 
egg are; but finally it passes into the body-tissues, and 
is found in the form of very minute bright red bodies, 
seated in the cement substance of the individual fibrill•e 
of the great lateral muscles. That these colored bodies 
are absent in some trout and salmon, and present in 
others of the same species, demonstrates that they are 

*Miescher's researches are incomplete and inconclusive, and• further 
studies are urgent. Miss Newbigin surmised (op. oit., ]2. 161), that the 
red color was a lipochrome pigment allied to tetronerythrin or zoonery- 
thrin, and in the salmon is importan• in coloring the ova .... In the 
male salmon the pigment is probably eliminated as the fat is used up, 
(•&, r. •). 
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not vitally essential. While, therefore, a salmon or 
trout, with pale flesh or white flesh, is by no means in- 
ferior, yet popular taste gives the bright orange-colored 
meat the preference. Hence the necessity of breeding 
from red-meated fish, and rejecting those which are not 
red-meated. The former produce the red- or orange- 
colored eggs from which the desirable red-meated sal- 
mon, or trout can alone be hatched. 


